Tritium/Organically-bound tritium/Environmental radioactivity/Pine needle/Soil
INTRODUCTION
Pine needles are frequently used for environmental monitoring of airborne pollutants, as mushrooms used for monitoring of soil contamination with radionuclides'). Tritium concentra tions in pine needles have been used for monitoring purposes around nuclear facilities and more widely in the general environment. Concentrations of organically-bound 3H (OBT) in pine needle samples collected from the general environment were found to be higher than free water 3H (FWT) in the same samples2'3). The reason of this apparent enrichment of OBT is not clearly understood. Deposition of atmospheric tritiated hydrogen gas (HT) to OBT, may reflect past high concentrations of environmental 3H or may be an effect of the analytical procedure for determining OBT. On the other hand, Bogen et al. ' ) reported that OBT concentrations in soil samples were 3.9-7.2 times higher than FWT. As soil plays the role of sink for organic materials in the environment, any historical effects are expected to be reflected in soils of the present.
Mean residence time of OBT in soils is considered to be longer than FWT. Therefore, historically high environmental 3H concentrations may possibly be reflected in levels of OBT. However,
OBT data for soil samples from the general environment are scarce. In this study we measured OBT concentrations in soil samples from the general environment, and usually found higher OBT concentrations in soils than pine needles collected from the same location. The results of the measurements are described and discussed in this paper. Commercial nuclear fuel recycling plants, including a nuclear reprocessing facility, are under development in Rokkasho Village. A uranium enrichment facility and a low level waste storage center are already operational and a reprocessing facility is now being constructed, and will begin storage of spent nuclear fuel in 1998. Therefore, the present results from Rokkasho Village can be used as local background data before the opening of the reprocessing facility.
One year old pine needles were collected from each sampling site. Litter and soil samples were also gathered from under the pine trees. Soil samples were sub-divided into two fractions; an upper fraction (0-10 cm deep) and a lower fraction (10-20 cm deep). Litter was not collected at Kyowa Town or Tazawako Town around Akita City, or from sites around Rokkasho Village.
Samples of young sprouting needles were also collected around Akita City.
The weather was dry on the day of sampling in/around Akita City, and for the three days previous. Sampling in/around Rokkasho Village was undertaken on days having rain (7 mm) or light drizzle (for which no data are recorded in the automated meteorological data acquisition system, Meteorological Agency, Japan). The samples were analyzed for both FWT and OBT following the method described in detail elsewhere') and summarized here. Briefly, free water was separated from the samples by lyophilization. The wet weight of samples for analysis was 180-650 g for the sprouting needles, pine needles and litter sample, and 1.5-5.5 kg for the soil samples. A portion of the dry sample was burned in a quartz tube to release OBT as water. Approximately 50-90 g dry weight of plant samples were used to recover about 30-50 ml of water. For the soil samples, 0.3-3.9 kg dry soil was burned to get 50 ml water. The water samples were then purified, and 3H radioactivity was measured with a liquid scintillation counter for low level counting (LSC-LB 1, Aloka, Tokyo, Japan).
In this study FWT and OBT concentrations have been determined in 41 and 33 samples, respectively. As the organic material contents of the 10-20 cm deep soil samples were generally low, several kg of dry sample were required to obtain a sufficient volume of water for the OBT measurement. Combustion of a large amount of the sample is significantly time-consuming and troublesome, therefore, OBT concentrations were measured for one sample only.
RESULTS
Results of 3H measurements are shown in Tables 1 for the samples collected in/around Akita City. All OBT concentrations are expressed as the unit of radioactivity in water obtained from the sample combustion (Bq L-combustion water'), and are directly comparable with FWT concen trations (Bq L-'). The monthly average 3H concentration in precipitation at Akita City was 1.1 Bq L-', and 0.90 Bq L-' for June and October 1989, respectively (Katsumata, T. personal communi cation). The FWT concentrations in the pine needle and soil samples are higher than the 3H concentration in the precipitation.
Both the sprouting needle and pine needle samples were collected in June in/around Akita City. As shown in Table 1 , both the FWT and OBT concentrations in the sprouting samples are similar to those in the one year old pine needle samples. In contrast, the FWT concentrations in the litter samples were usually higher than those in the sprouting and pine needle samples. FWT concentrations in the 0-10 cm deep soil exceeded those in the deeper soil layer (10-20 cm deep). The highest FWT concentration of any site was observed either in the litter or the 0-10 cm deep soil sample.
OBT concentrations in the pine needle and soil samples are almost within a factor of two of the FWT concentrations. The 0-10 cm soil samples generally had the highest OBT concentra tions of any one site. Table 2 shows the results of 3H measurement in/around Rokkasho Village. The majority of FWT concentrations were lower than those collected in/around Akita City. The lower FWT concentrations may be the result of differences in the weather at the time of sampling and/or the collection location. During the sampling period in/around Rokkasho Village, it was raining or had just stopped raining. OBT concentrations in both the one year needle and soil samples exceeded the FWT concentrations for all samples except those collected from Kazuno City. 
DISCUSSION
The FWT concentrations in samples collected in/around Akita City were generally higher than those in/around Rokkasho Village. The weather at the time of sampling and the difference in location may possibly account for these differences. The FWT concentrations in the 0-10 cm deep soil samples were plotted against the moisture content of the soils. As is shown in Fig. 2 , the FWT concentrations vary with the soils moisture content; the higher FWT concentrations are found in soils with lower moisture contents. Fig. 3 shows the same plot for the 10-20 cm deep soil samples and the relationship found for these samples is similar.
The relationship between the FWT concentration in the soil and the moisture content may be explained by oxidation of atmospheric HT in the soil. The specific activity of HT is several orders higher than that of the precipitation'''). It is well documented that soil oxidizes atmo spheric HT to tritiated water (HTO) mainly through a biological process. This has been confirmed by reducing the oxidation capability of the soil by autoclaving the soil'), applying toxic material to the soil') or p--ray irradiation of the soil"
The rate of HT oxidation by the soil depends on temperature, void ratio and moisture con tent as well as the location of the sampling. The effect of void ratio and moisture content are the most significant factors. The variance of the oxidation rate is several order of magnitude, but temperature",") and type of soil"") affect the rate by a factor of only 2 to 3. The void ratio controls the diffusion of HT into the soil, and is the most important parameter in controlling the oxidation rate9"I,15-18) The relationship between the FWT concentration and the soil moisture content found in this study are consistent with the observations described above. The atmospheric HT is readily oxidized in soil having a low moisture content (excluding extreme dry condition's)), therefore, the 0-10 cm soil samples in/around Akita City (Fig. 2) had higher FWT concentrations when soil moisture was lower. Rainwater dilutes the FWT concentrations in soil, and also decreases the soil void ratio. Therefore the FWT concentrations in the soil samples collected in/around Rokkasho Village on the wet days showed lower 3H concentrations than those samples from in/around Akita City. However, continuous monitoring in these locations will be necessary to confirm this result.
Takashima et al.3> analyzed 3H concentrations in pine needle samples collected throughout Japan, and reported that their specific activity ratios (SARs) of OBT to FWT concentration were in excess of unity. Belot2) also found higher OBT concentrations compared to FWT concentra tions in plant samples. Bogen4) has also published the SAR for soil samples as larger than unity. In contrast with those results, the present SARs in the pine needle and the soil samples varied significantly. This variation is considered to be the result of rainwater causing fluctuations in the soil FWT concentrations.
The OBT concentrations in the soil samples were generally higher than those in the one year needle samples. The direct oxidation of atmospheric HT to OBT is reported to be almost negli gible in soil"). IAEA20) conducted a project to collate the retention times of HTO in soils through out the world. The HTO administered to the soil declined in two phases which corresponded to FWT and OBT. The mean residence time of the first and second phases for the non-cultivated field was 7.2-150d and 91-1800d, respectively. The second phase which had longer mean residence times is considered to represent OBT. This suggests that OBT can persist in soils to give high 3H concentrations. Therefore, one possible explanation to account for higher OBT levels in soils over pine needles, is a reflection of historically higher soil 3H concentrations.
